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SI;.MMARY 

A ¢otnpati,~on has  been  u n d e r t a k e n  of  the  ct-glucosida.~es pr~x'tuced in S a c c h a r o m y c e s  
in t 'e ,pun~c to 5 non-al le l ic  m a l t o s e  genes .  T h e  p a r t i a l l y  pur i f i ed  e n z y m e s  were  
fou:td to  be indi.~tingui~hable in r ega rd  to  h e a t  i n a c t i v a t i o n ,  e l e c t r o p h m ' e t i c  m o b i l i t y .  
c h r o m a t o g r a p h y  f r o m  CM-celhtlo~e or  D E A E - c e l l u l o s e  c o l u m n s ,  n e u t r a l i z a t i o n  w i t h  
si)ecilic a t : t inevum, ur s t tbs t t ' a te  ,.lx, c i t ic i ty.  In  e a c h  o f  t he  g e n o t y p e s  o n l y  a s ingle  
speci t~  ~f  a-~htcos id : t se  w a s  o h \ e r r e d .  

; N'r 1~1) 1 ) t:c;-rlON 

Biochemit :M ~tudit~ on the  ~fffects of  rnu ta t ion~  h a v e  let |  to  t i le CUl|t;lUSiol| t h a t  not  
~mly du  d i s t inc t  .~tructural  gt:nes contr t l l  specif ic p r o t e i n  ~yrtthesi,~ b u t  a lso  c e r t a i n  
m t , t a t i , n s  in th is  reg ion  c~m gi~e r i .~ tn  s t r u c t u r a l l y  a l t e r e d  pro te ins .  Mul t ip le  
m o l e c u l a r  f o r m s  of  a g iven  e n z y m e  h a v e  been  r ecogn ized  n o t  o n l y  wi th in  o r g a n i s m s  
of  the  s a m e  specie.~ 1 b u t  al.~f~ w i t h i n  at .~mg!e o r g a n i s m  ~. In  t h e  l a t t e r  cast: m u l t i p l e  
f,~rms ~t  t he  s a m e  gene  u n d o u b t e d l y  ex i s t  in a ,~: ,en o r g a n i s m .  

Mul t ip le  gene  con t ro l  ~,f a g iven  e n z y m e  spec ies  h a s  been  well  dc~cutnented in 
y e a s t .  A well  k m m ' n  e x a m p l e  o f  th is  is the  ca..~e o f  t h e  p ,~lymeric  gentxs for  m a l t o . ~ .  
A n a l v s ~  o f  i n t e r b r e e d i n g  y e a s t  a t r a ins  1rove revealc~l a t  leas t  six such  u n l i n k e d  
genes.  M 3 t h r o u g h  31~ were  i.-a~lat .d f rom Saccharomyces c~evis iae  s, M~ f r o m  Sac~ha-  
~,,m3"ces diastaticus ~a, M s f r o m  Saccharomyces carlsbergensi.s, a n d  M, f r o m  Saccha- 
rontvces cerevisiae n t h r u u g h  induced ,  as well as sp t )n taneous ,  m u t a t i o n .  S e v e r a l  kin- 
l i nked  m a l t o s e  genes  h a v e  l ~ e n  rec%gnized in n t h e r  specic~ o f  y e a s t s  ~- to. 

Are ident ica l  gene  [mxluct.-, pr~xluced b y  the  v a r i o u s  M genes?  M t a n d  M z 
i m , d n c e  a ~-apid m a l t o s e  f e r m e n t a t i o n  a n d  Ms a s low m a l t o s e  f e r m e n t a t i o n  s. M 1 a n d  
M a were  re lx) r ted  t a  f e r m e n t  m a l t o s e  a n d  sucrose  whi le  Mz a n d  M s f e r m e n t e d  o n l y  
m a l t o s e  n.  A n a l y s e s  o f  a - g i u c o s i d a ~  e x t r a c t s  o f  m a l t o s e - g r o w n  y e a s t s  h a v e  a lso  
s u g g e s t e d  m o l e c u l a r  heterogenei t : , ' .  SAWAI ~ o b s e r v e d  t w o  m a l t o s e - s p l i t t i n g  e n z y m e s  
in Candida  tropically, one  a c t i v e  a t  p H  4.o and  the  o t h e r  a t  p H  6.~. TERL, I el al. 8, 
i n v e s t i g a t i n g  the  ~t-glueosidases o f  Saccharomyces cerevisiae (Rasse  I I )  o b s e r v e d  t w o  
m a l t o s e - s F l J t t i n g  f r a c t i o n s  d i f fer ing in hea t  s t a b i l i t y  a n d  e l e c t r o p h o r e t i c  m o b i l i t y .  
T h e  p r e ~ n t  p a p e l  ~. foUowing the  i so la t ion  at td c h a r a c t e r i z a t i o n  o f  t h e  a-glueosidase.  
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p r o d u c e d  in res t~mse  t<, .~,' a in Saccharomvces tlalic,x ~, is an  a t t e m p t  to  <:har , ,c tet ize 
tht: p r o t e i n s  d e t e r m i n ~ l  l)y. t h e  M t t h r o u g h  M~ an d  M~ genes.  T h e  do~,.tge e f fec ts  o f  
t he se  . ~ m e  geue.s in r e g , q a t i n g  a -g lm: . s ida~c  ~vnth~-sis a re  r e p ~ r t e d  e l scwhere tL  

.M E T H O  I).~ 

Strain,s en~pl~d/ed ~nd gro~'lh of cclL~ 

A v a r i e t y  o f  hap lo id ,  i n t e r b r e e d i n g  yt-a~t "~trains, k n o w n  t(, c o n t a i n  d i f fer~nt  
M genes ,  were  u sed  in this  s t u d y .  T h e  strain.~ ~ m p l o y e d ,  th~ir  .~ource :rod genot.x,pes 
a re  s h o w n  in "fabh~ I. 
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F o r  the  p r e p a r a t i o n  o f  enz.vnte e x t r a c t s ,  the  vea.~t c u l t u r e s  were  g r o w n  in IS-I 
q u a n t i t i e ~  in a r e a l t o r :  b r o t h  a l c d i u m  at  3o ~ u f . i t ' r  v igoruu~ a e r a t k , n .  r i t e  c~dl.~ 
w e re  c o l l e c t e d  b y  c e n t r i f u g a t i o n ,  washed ,  frozt-n :rod ,~tored it.t 2o ~. 

Preparation of cJt~me exlracts 

F o r  t he  p r e p a r a t i o n  o f  e n z y m e  e x t r a c t s ,  5o g each  o f  f rozen  cell pas t e  were  
u_,;ed. T i le  cell,~ we re  t h a w e d ,  a u t o l i z c d  a n d  the  e n z y m e  p a r t i a l l y  pur i f ied  (,~!; to  
F r a c t i o n  IV) as  p r e v i o u s l y  de sc r i bed  b y  ][AL~,'O~SON A~'D ELLIAS 13. T h e  ini t ia l  
p u r i f i c a t i o n  s t eps  in e ach  case i n v o l v e d  d i f f e ren t i a l  c e n t r i f u g a t i o n  (if t h e  e x t r a c t ,  
a n d  a b s o r p t i o n  a n d  e lu t i on  o f  the  a -g lucos id a se  f rom ca l c iu m  p h o s p h a t e  gel. Ex -  
t r a c t s  f r o m  ~tra in  H 8 4  and  Hr31  were  t h e n  p l aced  on a D E A E - c e l l u l o s e  c o h ] m n  aJld 
e l u t e d  w i t h  a l i nea r  g r a d i e n t  o f  NaCI (t~ r M). T h e  I~eak t u b e s  were  c o m b i n e d  a n d  
d i a l y z e d  aga ins t  o .ox M T r i s - s u c c i n a t t :  bu f f e r  ( p H  f,.,~), T h e  e n z y m e  f rom I l r o 8  was  
f u r t h e r  purific~! b y  z,,ne e l e c t r o p h o r e s i s  |'~. T h e  s imi la r  f r a c t i o n s  f rom strain.~ r rg~q-f~D 
a n d  3o3-65 we r e  f r a c t i o n a t e d  b y  t he  a d d i t i o n  o f  solid a m m o n i u m  :u l f a t e ,  T h e  
p c e c i p i t a t e s  o b t a i n e d  f r o m  the  5o-75'~. o .~a tura t i -n  were  r e t a in ed ,  d i ~ o l v e d  i,, 
o .o2 M Tr i s - ea~ :ody l a t e  buf fe r  I p H  0.8) a n d  d i a l y z e d  ag a in s t  t h e  .came buffer .  T a b l e  I 
s t t m ~ a r i z e s  t he  final  s ~ i t i c  ae t iv i t i e~  o f  the  variot~s e n z y m e  p r e p a r a t i o n s .  T h e  
pu r i f i c a t i on  o f  t he  e n z y m e s  fi 'om the  c r u d e  e x t r a c t s  va r i ed  f r o m  i6 - fo ld  for  ~,lAa to  
35-foJd  for  t he  l$1a. "[.'he f inal  e n z y m e  p r e p a r a t i o n s  ~ 'ere s t o r e d  a t  - - 2 0  ° un t i l  used .  
T h e r ~  was  l i t t le  loss o f  enzyTne a c t i v i t y  d u t i ] ~  stor=t~e. 
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Immunization 

Antiserum against  the a-gluc0sidase from x i98-6D strain (Table I) was obta ined 
by imnmuizat ion  of  young  adul t  rabbits ,  x mg of  the enzyme  prepara t ion  (previously 
dialyzed against s.',lhae) was injected in t ravenous ly  and xo days  later each rabbi t  
received nine fu r the r  in t ravenous  inject ions of about  z m g  of protein on a l te rna te  
days. The to ta l  do,~e consisted of app rox ima te ly  ~-o mg of  prote in  per animal,  lo  days  
af ter  the last inject;.on the  rabbi ts  were bled white and  the serum separated.  Normal  
rabbi t  .~erum was ob ta ined  from uninjec ted  animals. The  serum a-glucosida~c,e in the 
ant iserum wa,s inac t iva ted  b y  heat ing  the ant i serum at  56 ~ for 3 ° rain. 

Enzyme n.zutralization 

Enzyme  neutra l iza t ion was measured  essentially by ant igen t i t rat ions.  These 
were carried out  at  low concent ra t ions  o f  ant igen (approx.  3oo- 4oo units  of  enzyme/  
ml) by  mixing samples ot enzyme  solution (previously dialyzed against  saline) with 
varying concentra t ions  of  ant isera and  saline in a to ta l  volume of x.5 rnl. A prec ip i ta te  
was rapidly formed after  mixing the solution. The  mix tu re  was allowed to  s t and  
15 h at  4 ° to aid in the precipi ta t ion.  The  suspensions were centr i fuged and the  
supe rna t a n t  retained for assay. In r epea ted  exper iments  the error  did not  v a r y  by  
more than  : tu~ .  In ant.lgen excess the a m o u n t  of  enzyme  ac t iv i ty  neutra l ized was 
fmmd to be direct ly  propt)rti<mal to  the q u a n t i t y  of  an t ibody  added,  Repea ted  
t.~timatitm.~ of the neutra l iza t ion t i t re  agaJ . s t  a single enzyme prepara t ion  var ied 
within Tt.- iS<Y,o . The  precipi ta te  was inact ive and washing of  the precipiU'te did 
not  |+::ad to the ; tppearance of active a-glucosidase. 

Analytical methodx 

The  a-glucosidase ac t iv i ty  was es t imated  by  following the cont inuous  release 
of  p-ni t rophenol  from p~nitropllenol-a-D-glucop_vranoside a3. 

Protein was rout inely de te rmined  colorimetr ical ly v, ~tb Volin-.Ciocalteu reagent  ac- 
cording to the  procedure  of LowRy et al. ~e using crystal l ine egg a lbumin  a.~ a s tandard .  

Reagents 

DEAE-select+x:el. o. 9 mequ~v/g, and CM-cellutose, o,8 mequiv/g,  were nbta ined  
from the Brown Company.  Maltose and turanose  were ob ta ined  from the California 
F o u . d a t i o n  for Biochemical  Research.  Mercaptoe thanol  was obta ined from the 
Matiii.-z,s, Company ,  Inc. T,-i~ wa.s obta ined  from the  Sigma Chemical Co. Deionized 
glass-distilLed water  ~as  used for all exper iments .  

RESULTS 

If  the e n z ~ n e s  produced in response to the different M genes of ),east are not of  the 
same molecular species, then one might expect  that this would be ~ eflected in their 
specifieities or phymeo-ehemical properties. In order to more ctiticaUy compare 
these enzymes,  partially purified a-glucosidase preparations, either singly or in 
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rnixtt ,  re, were  s u b j e c t e d  to  a v a r i e t y  of  f r ac t iona t i rm p r o c e d u r e s  des igned  to  se lect  
lo t  d i f fe ren t  p ropcr t i c~  o f  pro te ins .  A l t h o u g h  e n z y m e  p r e p a r a t i o n s  whicl', h a v e  been  
pur i f ied a'cn)ut 3o-fold  (Fab le  11 were  employcxl  in exper i rncla ts  tepox-ted below,  a 
n u m b e r  of  para l le l  t, x p e r i m e n t s  was  ca r r i ed  ou t  w i th  iden t i ca l  resul ts .  In  c r u d e  
e x t r a c t s  on ly  a single e n z v m e  ,~ctive again.st p - n i t r . p h e n y l - t t - D - g t u c o p y r a n o s i d e  w.-,s 
r ecogn ized  by  hea t  i nacdv , t t i on ,  electroph~>re.~ic, c o l a m n - c h r o m a t o g r a p h y  a n d  ~p~.- 
cific n e u t r a l i z a t i o n  wi th  an t i se ra .  In  b o t h  e lec t rophores i~  "~ld coiurn:l-chroulat ,~-  
g r a p h y  f r a c t i o n a t i o n  para l le l  a s s ays  w,.r , :  ca r r i ed  out w i th  ma l tu se  a~ tile sub.~trate.  
T h e  rati~z~ of  h y d r o l y s i s  t~f p -n i t rophcny l -6 t -D-g lucopyranos ide :  m a l t o s e  were  con-  
s t a n t  a n d  iden t i ca l  to  the  pur i f ied  ti-gluct~sitla~e. I~t udd i t ion  the  a n t i s e r a  p r e c i p i t a t i o n  
r e m o v e d  b o t h  p - n i t r o p h e n y l - a -  o - g l u c o p y r a n o s i d e - a  n d m a l t o s e - h y d  rol_vzing ac t iv i t  y 
in para l le l ,  s u p p o r t i n g  t h e  conc lus ion  t h a t  on ly  a single a-glucositlam." SlX-~cies wa~ 
p r e s e n t  in the  c r u d e  e x t r a c t s .  

l l  eatt i n a c t i v a t i o n  

T h e  t h e r m a l  i n a c t i v a l i o n  ~ff a-gluc._~,ida_s,~ frc)m .~3. i t a h c u s  t~ a t  5 °" wa~ first 
o rder .  In  5. c e r e v i s i a e ,  TERUI ¢l ¢gl. '~ relx~rte'd two  :ualt¢)se-.~plitting erlzvme+~. Af te r  
h e a t i n g  for 5 m m  a t  52.5: ,  one  was  83 ~x'~,~ i n u c t i v a t ~ t  whi le  the  ,~th~r wa~ ~,nlv 
64'~,  i n a c t i v a t e d .  T h e  k ine t i cs  of  i , lact ix 'a t i ,m were  n - t  inw:.~tigat~l .  

A m t m g  file a -g Iuc~ ida~u ' s  iiroducc~l iv. r e sponse  to  the  M gene-;, p re l iminary '  
s tud :es  s h o w e d  t h a t  t h e y  were  rapidly, h e a t - i n a c t i v a t e d  a b o v e  5 °° in acc t ; rdance  
wi th  f i r . s t - , rder  kinetitrS. In t~rth'r re, c t~mpare m o r e  carefull~, the  prol-^'rt ies ~f the  
M t t h r t m g h  ."si t a n d  the  M~ a ~luco~irlage. the  kir ,et ics of  h , -a t - inac t ivar i~m of  a 
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Fig.  ]. Temperature i n a c t i v a t i o n  o f  t'l-~iutlt).%i(J~t.%tr illixLilgf~+ "L'o x+~ ]~q[ | t l  5 ~ p h o s p i ~ t a t e  buf~l~r 
{ p H  6 . 8 )  t t t  5 4 . o  ° wa-s add,~l n÷z m l  mixtttre ofenzynw (3400 u n i t . s ;  0 ~ 0  u ~ l t s  each ofa-glu¢osiCla~ 
front .~la. "~|a. M3. M,  and  M,).  At intervals, 1cx~pi were removed to prechilled tubes containing 

2.6  m] ice  buffer a n d  t h e  e n z y n t e  a-,~,3:,ec[ :ts prw-iou¢~-~" dc.~cribed a t  30% 
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mixture, of these enzymes was carried out  a t  54 °. The results are shown in Fig. x. 
The  kinetics of  hea t - inac t iva t ion  of  ¢t-glucosidase mix tu re  are first or:ler over  a 
range of nearly 3 logs in act ivi ty .  These findings are consistent  with the  invo lvement  
of a single enzyme SlX~cies in this reaction.  

Electrophoresi~ patlerns of a-glucosidase 

Our initial studies on ~lle he te rogenei ty  t,f enzymt~-~ in yeas t  capable  of hydro-  
lyzing ~t-glucosides wa~s ini t ia ted more  than  xo years  ago in col laborat ion with I)r. 
S..~P;EGEL.MAN. In the  ear ly  exper iments  it was observed tha t  in crude ex t r ac t s  of 
S. cerevisiae, carbohydras~g act ive against  a-methyl-g]ucoside,  sucrose, mal tose  and 
turanose could be separa ted  into at  least 3 components  hy s tarch zone-electro- 
phore~is..Similar findings have t~e.n recent ly  repor ted  by "I'ERUI el al. o, :rod the u- 
metl,~'l-glucos~de-hydroly~.i~;g enzyme  identified as isomalta~. .  

In an a t t e mp t  to fi~rther test  the  possibil i ty tha t  mult iple  types  of  ct-glucosidase 
are l>r~nluced in response to  the  x'ariotL~ M genes, mix tures  of  equal units  of M~ 
through M t and M, a-glucosidase were subjec t  to  electrophoresis  on a vert ical  s tarch 
cohmm at pH  7*5. The electrophoresis pa t t e rns  nf prote in  and  enzyme ac t iv i ty  are 
shown in Fig. 2. As can be seen. the  a-glucosidase ha~ a slightly higher  mobi l i ty  
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"t-:g. 2. Ehs:trophor4..-si.~ o f  a oart ial l .v p u s h e d  a-glueos ido.se .  A ve r t i c a l  gla~s c o l u m n  (3 X 4 ° c m )  
w a s  p r e p a r e d  c o n t a i n i n g  wa.~hcd i x , t a r o  s t a r c h .  T h e  c o l u m n  w a s  e q u i l i b r a t e d  w i t h  o.o~ M T r i s -  
t h i o g l y c o l a t e  bu f fc r  (pH 7.~). T o  the: t o p  o f  t h e  c o l u m n  z.o m l  of  e n z y m e  (73oo u n i t s :  1 5 t o  u n i t s  
c a s h  o f  M v M t, M a, M t a n d  M,~ d i a l y ~ d  a g a i n s t  bu f f e r  w a s  axl,led. T h e  e n z y m e  w a s  w a s h e d  
d o w n  t h e  ¢ok,  m n  x~ith 90 ml o f  buffer .  Ver t i ca l  e l e c t r o p h o r e s i s  w a s  carr i t ,  d o u t  g t  4 °, 75o  V a n d  
t o  m A  for x3.5 h.  T h e  c o l u m n  w a s  t h e n  e l u t e d  w i th  b u f f e r  a n d  t he  [ f a c t i o n s  (ax) ml} a t ~ l y z e d  

for p r o t e i n  a n d  e n z y m e ,  T h e  t o t a l  e n z y m e  r e c o v e r y  wag IO 4 % [78oo u n i t s ) .  

than  the  maj:,r  peak of prote in  in the  ex t rac t .  A ~ a y s  fc~r the hydrolysis  of  maltose.  
a-phenolglucoside and  turanose  d i rec t ly  parallel  the  assay for p-niZrophenyl-a-D- 
g lucopyranos ide  hydrolysis .  There  was no e,,idence of  a second g-glucosidase observed  
i)y "['ERUI et ~1~. s. T h e  homogene i ty  of the e n z y m e  peak suggests t ha t  a single electro- 
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p h o r e t i c  s p e c i e s  is  inv~)! , -ed.  S i m i l a r  - e s u l t s  w e r e  o b t a i n e d  w h e n  t h e  e l e c t r o p h o r e s i s  
wa.s c o n d u c t e d  a t  p H  ~-5 in  p y r o p h ( r s p n a t e  b u f f e r .  

I n  c o m p a r i s o n  t h e  i s o m a l t a s e  h a s  a s h ) w e r  m o b i l i t y  t h a n  t h e  a - g l u c o s i d a s e ~ , ~ L  
E l e c t r 0 p h o t e t i c  p a t t e r n s  o f  c r u d e  e x t r a c t s  o f  S.  cercr, i s iae  h a v i n g  t h e  c o m p l e m e n t a r y  
g e n e s  fi>r a - m e t h y l - g l u c o s i d e  f e r m e n t a t i o n  ( M G  a. .MG~) s h o w  a s i n g l e  m i g r a t i n g  
s p e c i e s  o f  i . ~ ) m a l t a s e .  W h e n  m i x t u r e s  o f  a -g luc~s i t l a .~e  a n d  i. ,a~m'dta.-~ o r  e x t r a c t ~  o f  
s t ra in .~  c o n t a i n i n g  b o t h  e n z y m e s  (e.g., .g. ceret, i s iae  I . K 2 G r 2 )  ~:re sub jec t*Kl  t o  e t ec -  
t r o p h o r e s i 5  t h e  t w o  e n z y m o ~  c a n  h e  r e a d i l  F .-a 'p ' t rate<l.  

C h r o m a t o g r a p h ) ,  @ e n z y m e  mix t ; ; res  

A m i x t u r e  o f  a-glucosida. ,~e.~ w a s  d i a l y z e d  o v e l n i g h t  a g a i n s t  [ o  ~ 51 c a c o d y l i c  
a c i d ,  o . 0 z  M t h i o g i y c o l a t e  t~uffer  ( p H  {).t~} a n d  t h e n  s u b j e c t e d  tt) c h r o m a t o g r ~ , . p h y  
t~t~ b o t h  CM-ce l lu lo .¢~  a n d  l ) E A E - c e l l u t o s e  c ( d u m n s .  T h e  p r o t e i n  a n d  e n z y m e  p r o t i l e s  
o n  t h e s e  t w o  c o l u m n s  a r e  s h o w n  in  l ; ig .  3- B o t h  c t ) l u m n s  l e d  t o  a f r a c t i o n a t i o n  o f  
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Fig. 3. Chrornatogr~'~phy of  a mi×turc  of  p a r t i a l l y  purif ied a-glyco~'idase~. IA) C.M-cellulo~: 
co lumn.  A glass co lumn (z 7 >: 1-7 cm) wa_~ p r e p a r e d  con ta in ing  CM-celluluse. 5 o th is  was aolAicO 
I .o  mt o f  e n z y m e  (40o0 un i t s :  Rot) uni ts  eaz'h of  Mr, Mz, .Ma, Me and M4). A NaCI g-radient wa~ 
a pp l i ed  b y  means  of  two reservoi rs ;  one contniuexl 500 ml o f  lo-*  M cacodyl ic  ac id  a n d  o.o2 .Xl 
thioglycola,  tv buffer (pH 6.8}. and  the o the r  conta ine( |  .~oo ,nl o f  buffer con ta in ing  o.3 M NaCI. 
F r a c t i o n s  nf 2.o ml were col lected a t  4 ~ and  ass~xyed for protein anti £1-glucosicla.y,c activ.;tv. The  
t o t a l  enzyme  recove ry  from the  co lumn was 95°,~> (3~m units l .  (B) DEAF_.-L'~llulose columh.  The  
c o l u m n  ant l  buffer  were s imi lar  to  t h a t  descr ibed  atx>ve empl<)ying D H A E  -ccilu|o'a~ t y p e  40~ To 
t h i s  warn app l i ed  x.5 ml o f  the  enzyme  mix tu r e  (¢~ooo unit.~)..~k NaC]  grad i en t  was app l ied  from 
two r e ~ r v o i r s ;  zSO ;,al of buffer and  zSO m] of  buffer  cor, ta inlng 0 5 M N a t l .  2-m] f rac t ions  were 
col lec ted  a t  4* and  a s sayed  for p ro t e in  and  a-glucosadasv ac t iv i t y .  To ta l  e n z y m e  recovery  was 

94°,.h {5(n)o units}. 

t h e  r e m a i n i n g  p r o t e i n  c o m p o n e n t s  o f  t h e  p r e p a r a t i o n s ,  a l t h o u g h  in  b o t h  c a s e s  a -  
g l u ¢ o s i d a . s e  e l u t e d  mi a s i n g l e  s y m m e t r i c a l  c o m p o n e n t .  O n  b o t h  c o l u m n s  t h e  p t ~ i t i o n  
o f  t h e  e n z y m e  p e a k  w a s  t h e  s a m e  a_s in  e l u t i o n  p a t t e r n s  u s i n g  i n d i v i d l , a l  e n z y m e  
p r e p a r a t i o n s  ( T a b l e  I ) .  W h e n  c r u d e  e x t r a c t s  w e r e  a p p l i e d  e i t h e r  t o  C M - c e H u l o s e  o r  
t o  D E A E - c e l l u l 0 s e  c o l u m n s ,  o n l y  e. s i n g l e  p e a k  c a p a b l e  o f  h y d r o l y z i n g  p - n i t r o p h e r t y l -  
a - D - g l u c o p y r a n o s i d e  w a s  o b s e r v e d  a n d  thLs p e a k  w a s  s u p e r i m p o s e d  o n  t h a t  o b t a i n e d  
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with  the pa r t i a l ly  purif ied enz~Tae p repa ra t ions .  The  r e c o v e r y  o f  e n z y m e  f rom I~)th 
the  CM-ce l lu lo~  a n d  D E A E - c e n u l o s e  c o l u m n  was  e~sentially q u a n t i t a t i v e .  

E,zyme net~ralization 

The  a n t i s e r u m  f rom n o r m a l  as welt as i m m u n i z e d  r abb i t s  c o n t a i n e d  a low level 
(~f se rum ,-nalta.,~e which h y d r o l y z e d  the  s u b s t r a t e  p - n i t r o p h e n y l - a - D - g l u c o p y r a t m s i d e .  

~ou t 

$30 /(D) 

l.ig. 4- Ncutralizati~,n curvl: of (l-glu.:o~itla~c activity by anti-.M~ ct-gluccsicla~e antib(xly. Varying 
qU,tl, titiL.-s ~)f ~ttltim:tum ~trtc mixe<l with (A )  J45 units c)f M s ¢t-glucosidasu, (B )  3~o u~aits of "~'|l 
+z-I~hmt:t~sidase (~r (CI 3e~o t~nitn of a mixture conteining 7z units each of M a thr(,ugh M, anti M, 
¢x-ghmc.sida~r: (l)} i~ a vontrol containing normal serum and 300 uniLg 4~f I~t 4 a-glucz-~ida~e. After 
15 h incul~ti .n at 4" th'-~ prvcipitate was removed and the supernatant a~ay't.~l for a-gluc~ida-~e 

activity. 

I t  was found  that  hea t ing  the  anti.~erum p r e p a r a t i o n  at 5t)" for 30 rain d e s t r o y e d  
the  s e r u m  ma l t a se  w i t h , u t  r educ ing  a p p r e c i a b l y  the  t i t re  o f  ant i -M s a-gl tmosidase.  
I n  thv s u b s e q u e n t  e x p e r i m e n t s  he_~t-trcated a n t i s e r u m  was  e m p l o y e d .  

Fig. 4 r e p r e ~ n t s  t )q)ical n e u t r a l i z a t i o n  cu rves  o b t a i n e d  w h e n  increas ing  a m o u n t s  
of  an t i -M,  a n t i b o d y  are a d d e d  to  g iven  quan t i t i e s  of  a -g lucos idase .  I t  is clear  t h a t  
the  neutraliza*.ion o f  a -g lucos idase  p roceeds  in a s t r i c t ly  l inear r a t e  unt i l  ove r  9 7 %  
or m o r e  o f  the  enz) 'me  is inact i -  a ted .  The  ac t iv i t i e s  tes ted ,  e i ther  d i r ec t ly  wi th  the  
an t i gen -aza t i body  solut ion or  in the  s u p e r n a t a n t  o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  o f  
t h e  a n t i g e n - a n t i b o d y  mix tu re ,  were the  same.  F u r t h e r m o r e ,  d i rec t  ana lys is  o f  the  
p rec ip i t a t e  or  w a s h e d  p rec ip i t a t e  failed to  d e t e c t  t he  presence  o f  enzyme .  Inc reases  
in the  c o n c e n t r a t i o n  of  s u b s t r a t e  5-fold a b o v e  the  s a t u r a t i o n  level d id  no t  reverse  
t he  inh ib i t ion  caused  b y  c o m b i n a t i o n  o f  the  e n z y m e  wi th  a n t i b o d y .  

T h e  slope o f  the  i nac t i va t i on  is l inear  a n d  follows the  s a m e  ra te  for  b o t h  the  
M3, M4 and  a m i x t u r e  o f  M t t h r o u g h  M 4 + M, a-glucosidases .  The  a m o u n t  o f  e n z y m e  

Biochlm. Biophys. Acta. ~7 (1963) 4~-53 
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a c t i v i t y  neu t ra l i zed  i~ t h u s  p ropor t i ona l  to the q u a n t i t y  o f  a n t i l ~ l y  addett  and  the  
neu t r a l i za t ion  t i t re  of  the  a n t i b o d y  prel>aratkm is the  same  for the var ious  a-giucosi-  
da.~es tes ted.  I t  was  fltrChcr obse rved  t h a t  the ~.,atibodv h a d  the  same neut ra l iz ing  
a c t i v i t y  aga ins t  h ighly  purif ied e n z y m e  prepat-ations :ts ,against e n z y m e  in c rude  cell. 
ex t rac t s .  

The  a n t i g e n - a n t i b , ~ y  reac t ion  appears  slx~cific W h e n  normal  ~erum wa~ 
e m p l o y e d  titere was  only  a slight decrea_,~, in the a gluct#ida.~e ac t iv i ty .  A n t i s e r u m  
aga ins t  the  M~ ¢z-glucosida_~e failed to nentralize, or  p rec ip i t a te  yea,~t i somal tase  m. 

Partial absorptio,, oj antibodies 

W h e n  a -g lucos idase  was  added  to the  a n t i b o d y  p repa ra t ion  a t  level~ at which  
o-glucos ida~,  began  t,) a p l x a r  in the sulx~.rnatant fluid, it was obser~',-d tha t  all, 
or  nea r ly  all, the neu t r a l i z ing  :mtihodle.~ to all five type~ ,~f a - g l u c o . ~ i d a ~  were 
r e m o v e d .  "~When larger  a m o u n t s  o f  anti:.-erum were employed ,  the  exces.~ a n t i b o d y  
appea red  .~r, the s u p e r n a t a n t .  Tab le  I I  sho ,w  the ¢(ft.ct of  ant i -M s ~erum following 

"I'A BI.E I1 

R E b $ O V A L  O ~  r . ~ I E L ' T R A L [ Z l N ( ;  & N T I I I ( ' ) D I F ~ . ~  F R O M  A . N 1 T ] - - t A - G L U C O G I D A t q E  I ~ | M I T N K  7~.t;Ri:.'-t 

f l y  AB@ORPTION W I T H  O [ - G L L ' C O S I D A S E  

The a n t i ~ . ~  ~ttd c ,~y. te  ~uio.tio,'., ,~ere mLxc~d in a. hna ~. volume of :-5 ml saline and lnct~bated 
for ! 5 h at 4 °, after which the precipitate was ccnttifugcxl tio~n anti the supcraatant fluid a~s~yt-d 

for o-R]ucosidase activity and ,-glucosida~e-neotratizing ai~ilitv. 

Amot~n~  o/" at t t ; -  ,.r-.,~len~ vn. .Vcuzr,r;,-_~J~$ a~rbody 

( % /  

O+OZ 2 0 0  9 2  .~|~ Z.O 
o. to z o o  4 M$ o 
o.zo 2o~ 0.8 M4 44 

MI ¢5 
• ~[ t-'M,. M~ 3o 

mixtztre 

a b s o r p t i o n  b y  M a a-glucosidase .  A t  the  equ iva lence  point ,  zoo un i t s  o f  a-glucosi( "ta,se 
a nd  o .xo ml  o f  ant i -Me se rum,  the re  was a h~s  o f  b~)th e n z y m e  and  an t i se rum.  W h c n  
twice  the  level o f  a n t i s e r u m  wa~ used, the s u p e r n a t a n t  fired still r e ta ined  appruxi -  
m a t e l y  h a l f  o f  the  neu t ra l i z ing  t i t re  aga ins t  M e, .M~ a~-~d a m~xture o f  M 1 t h r o u g h  
M, + Ms a-glucosidase .  These  f indings as well &~ the  resuIts  in Fig. 4 show tha t  the 
n e u t r a l i z a t i o n  equ iva l en t s  d e t e r m i n e d  f rom the  neu t r a l i za t ion  slope a n d  the ab- 
so rp t ion  tes ts  are s imilar  a n d  a rgue  t h a t  the  var ious  e n z y m e s  are  identical .  

The  a -g lucos ida . s~  p roduced  in response  to M t t h r o u g h  M 4, M s as well as an 
u n m a p p e d  MA t, a re  comple t e ly  p r ec ip i t a t ed  by exce.~ a n t i s e r u m  ,against M~ a- 
glucosidase.  N o r m a l  s e rum,  on  the  o the r  hand ,  has  Little eff~-,ct on the  e n z y m e  ac t iv i ty .  
These  resul ts  are shown  in Tab le  I I I .  

Hie.c/r/re. B/.o~-~. Area, 67 (s963) 4",-s$ 
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TA BLF, I l l  

NIgUTRAUZATION OF VARIOUS a-GLUCO~IDAS~ BY ANTI-M@ a-GLIrCOSID.~SZ ANTIBOI>V 

Var3ang q u a n t i t i e s  o f  a -g lucos idase  v ~ r e  m i x e d  w i t h  o.3 ml  o f  n o r m a l  o r  antl- 'M s a - g l u c o m d ~ e ,  
u n d i l u t e d  ) ,-globulin so lu t ion  in  phys io log ica l  sa l ine  in a fhaal v o l u m e  o f  z.o ml  a n d  i n c u b a t e d  
for z 4 b -at 4 °. T h c  p r e c i p i t a t e  was  c e n t r i f u g e d  off  a n d  the  e n z y m c  a c t i v i t y  remaivdng in t he  

superna~tant  fluid w~s a s s ay ed .  

T y ~  ~ M  
(unlta) u , , ~  sc~,m 

Mt 35o 383 8 
Mt  3 t o  332 4.2 
Mt  4oo 45 ° z 
M+ 4o0 4 t o  4 
M¢ 4oo 395 5 
MA t 33 ° 336 o 
MZ 460 47 ° t .5  

En:yme gubs#ales and complexan~s 
XVhcn p-nitrophenyl-a-D-glucopyranoside was used as enzyme substrate ,  a typi-  

cal Micha-Aiw-Menten relationship was observed for all the  a-glucocidases tested.  In  
the presence of  complexants  of  a-glucosidases, competi t ive substra te  inhibit ion of  
p-ni t rophenyl-o-glocupyranoside hydrolysis  was observed similar to tha t  de~r ibed  
for the a-glucosidase from Sacchavomyces italicus TM. 

In order to compare the specificity of  the variou,~ enzymes,  complexants  were 

TABLE IV 

COMPLF.XIt;O PROPZRTmS Or GLOCOSIVaS VOR VAmOUS a-OLUCOStDASRS 

The  r eac t i on  m i x t u r e  ($,o ml) c o n t a i n e d  o.o6 M p h o s p h a t e  bu f f e r  ( p H  6.8). 7o u n i t s  o f  e n z y m e  
a n d  va~-ioua conce~Jtra t ions  o f  s u b s t r a t e  ( j>+n i t ropheny l -a -v -g |u¢opyr~nos ide )  w i t h  or  w i t h o u t  
inhibiloz' .  Tl~c final i n h i b i t o r  conc4 :n t ra t ions  e m p l o y e d  were  O,t M fo r  maltose, a - m e t h y | g | u c o g i d e  
ant i  sucrose ,  a n d  3+33 " I o -a M for  t u r a n ~ ¢  &nd a - p h e n y i g l u c o a t d e .  T h e  aff in i t ies  o f  t h e s e  i n h i b / t o r s  
for t h e  e n z y m e  were calculated from t h e  equation; 

t x Km + + 

w h e r e  / is  t he  c o n c e n t r a t i o n  o f  the  c o m p l e x a ~ t .  S t he  substantte  c o n c e n t r a t i o n ,  h'+ t h e  i n h i b i t o r  
dis~>clat i0n con.~tant.  Km the  e q u i l i b r i u m  c o n s t a n t  fo r  s u b s t r a t e  a n d  Vj t h e  in i t i a l  v e l o c i t y  (zeTo- 
o r d e r  k inet ics)  in t h e  p r e s e n c e  o f  t h e  compLexants .  P l q ~ ,  p - n i t r o p b e n y | - a - D - g l u e o p ~ T a n o s i d e .  

o,- P,k¢~y|- 
Sow,co ol K ~ K i K i K i K; 

/.'J.ro'J (M .~o'j (JC-zo'j {M.,o') (M.zo'3 

Mt 2+0 317 370 I t4  5 3  
M s 2.o 32o 3o3 to7  3,8 
M s a .  t 3 5 8  2 a  5 7 8 3 - t  
M ,  ] - 9  354 4 7  t too 4 . 0  
M .  1 . 9  330 3.50 z5o - 
~s 1.7 367 31o tx7  3.o 
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chosen  which  had  p r e v i o u s l y  been  s h o w n  wi th  the  M x ,~-gluco~i,lase to v a r y  ove r  a t  
leas t  t w o  (;rders of  m a g n i t u d e .  T h e  c o m p l c x i n g  p rope r t i e s  of  these  inh ib i tors ,  as well  
as  t h e  l'£m for  p - n i t r o p h e n y l - a - D - g l u c o p y r a n o s i d e  hydroly.~'is, are  .~hown in "Fable IV. 
T h e  F m  for  p - n i t r o p h e n y l - a - D - g l u c o p y r a n o s i d e  h y d r o l y s i s  was  e s sen t i a l ly  t h e  s ame ,  
va r3dng  f rom a. 7 to  2.x .x0 -4 M. Mal tose .  sucrtJ.~,, t u r a n o s e  a n d  a-pheno!giucos i , ' t e  
were  all f o u n d  to  be  ~ o m p e t i t i v e  inhibt t , ) rs  a n d  to  show close a g r e e m e n t  wi th  each  
o t h e r  for  the  v a r i o u s  e n z y m e s  wi th in  the  l imit  ~)[ d e t e r m i n a t i o n  o f  the i r  a f f in i ty  
c o n s t a n t s  (Kt).  T h e s e  resu l t s  a re  essen t i a l ly  the  -~ame as those  obser-x'ed p r e v i o u s l y  
fiW Mt a -g lucos idase .  

?dl f ive e n z y m e  p r e p a r a t i o n s  were  s imi la r  in o t h e r  respec t s .  T h e y  all  h y d r o l y z e d  
sucrose_, ~-phenolg!uc~mide,  r e a l t o r ,  and  t u r a n ( ~  in decrea-~ing order .  In a d d i t i o n ,  
t h e e  e n z y m e  p r e p a r a t i o n s  h a d  s imi la r  p H  o p t i m u m s  o f  a b o u t  6.8 a n d  were  i n h i b i t e d  
b y  s u l f h y d r y l  a g e n t s  a n d  b y  aminea~. 

T h e  su lys t ra te  spec i f ic i ty  a n d  gene t i c  p r o p e r t i e s  ,~f lhe  five ~t-glucosidase~ are,  
t he r e fo re ,  indi . s t inguishable  f r o m  the a -g lucos idase  p r e v i o u s l y  p u r i h e d  a n d  c h a r a c -  
t e r i z e d  in Saccharomyces itali¢t,s ~z. 

l)[.qc I U~TON 

Co,npa~ison of the a-glt~cosidases 

T h e  e x i s t e n c e  o f  a v a r i e t y  of  r e l a t ed  e n z y m e s  i n v o l v e d  in m a l t o s e  m e t a b o f i s m  
in yea.st ha.,; been  suggestcx', f r o m  di f ferences  in the  spec i f ic i ty  o f  d i . sacchahde  f e r m e n -  
t a t i o n  in v a r i o u s  def ined  gesaotypes  and  f rnm ~tudies  on cel l - f ree  e x t r a c t s .  I n f o r m a -  
t ion  on the  spec i f ic i ty  of  a-giucosida.~e b a . ~ d  on e x p e r i m e n t s  wi th  i n t a c t  y e a s t  cells 
m a y  be  m i s l e a d i n g  s ince the  t r a n s p o r t  o f  a-glucoside.~ is r e g u l a t e d  b y  specific per -  
m e a t i o n  system(s)s,a~,lu, ~.  T h i s  ~ys tem(s)  u n d o u b t e d l y  p r o v i d e s  an  e x p l a n a t i o n  for 
t h e  fa i lu re  o f  se lec ted  yea.~t tc~ f e r m e n t  s uga r s  (e.g., suc rose  ll,21} in sp i t e  o f  the  p r e  
sence  o f  in t race l ludar  e n z y m e s  c a p a b l e  o f  m e t a b o l i z i n g  these  sugars .  A d d i t i o n a l  
c o n t r o l  genes  m a y  al~o l e g u l a t e  the  u t i l i za t ion  o f  suga r s  in yeas t .  Osnl.~1A z" o b s e r v e d  
a c o m p l e m e n t a r y  gene  for  m a l t o s e  f e r m e n t a t i o n  in S. ce-revis'/ae a n d  Ro~ERr~  ¢1 alY 
r e p o r t e d  a n  ass i r t t i l a to ry  gene  a n d  t w o  p o l y m e r i c ,  n o n - c o m p l e m e n t a r y ,  con t ro l  genes  
for  m a l t o s e  u t i l i za t ion  ":n Saccl~aromycc~ ovifornffn. 

Mul t ip l e  a -g l ucos i da s e s  h a v e  been  impl i ed  f rom ana ly s i s  o f  the  h y d r o l y t i c  
ae t i -¢ i t i~  o f  cell  e x t r a c t s  A.2s. In  few of  these: s t ud i e s  h a v e  the  s t r a i n s  of  de f i a (d  
g e n e o t y p ~  b e e n  e m p l o y e d  or  h a v e  the  e n z y m e s  been p-drifted a n d  c h a r a c t e r i z e d ,  
m a k i n g  it diff icul t  t o  dec ide  if, in fac t ,  the  s a m e  c l a ~  o f  e n z y r n ~  are  be ing  m e a s u r e d .  
F o r  e x a m p l e ,  $AW^] a~ o b s e r v e d  t w o  ma l to~e-~p l i t t i ng  e n z y m e ~  in Candida tvopiealis 
di f fe r ing  in the i r  p H  o p t i m u m .  T h e  acid  m a i t f ~ ' . - s p l i t t i n g  e n z y m e  was  s u l ; : ~ q u e n t ! y  
c h a r a c t e r i z e d  as  a n  i n t r ace l l u i a r  a m y l a s e  wi th  a b r o a d  spec i f ic i ty  u .  

I n  t h e  p r e s e n t  e x p e r i m e n t s  an nnal3.-sis o f  the  e n z y m e s  p r o d u c e d  in r e sponse  
t o  t h e  g e n ~  ,M t t h r o u g h  M 6 a n d  M e h a v e  oeen  e x a m i n e d .  T h e  p resence  o f  a n y  one  
o f  t he  M genes  leacLs t o  t h e  p r o d u c t i o n  nf  d e t e c t a b l e  levels  o f  e n z y m e  in u n i n d u c e d  
cells  a n d  e l e v a t e d  levels  in i n d u c e d  cells. I t  h a s  not  been  poss ib le  to  d e t e c t  f u n c t i o n a l  
o r  s t r u c t u r a l  d i f fe rences  b e t w e e n  t h e  f ive ,a-gluo~sidases.  T h e  m e t h o d s  e m p l o y e d  
were  de s igned  t o  d e t e c t  d i f fe rences  in s u b s t r a t e  specificit ies,  size a n d  cha rge ,  a d -  
s o r p t i o n ,  h e a t  s t a b i l i t y  a n d  .~erological speci f ic i ty .  T h e s e  f indings  a re  s t r o n g l y  
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suggesti~ c, bu t  no.' conclusive,  tha~ p ro te ins  h a v i n g  ident ica l  a m i n o  acid  sequences  
and  t e r t i a r y  s t r u c t u r e  are involved .  

The  p h e n o t y p e s  o f  t he  vdr ious  M genes  are also indist ingalishable.  It: the  re- 
c e ~ i v e  s t a t e  t he re  is no  d e t e c t a b l e  e n z y m e  in cell e x t r a c t s  whe reas  in the  d o m i n a n t  
s t a t e  ha.~al e n z y m e  can be  d e t e c t e d  and  the  cells cart be  i nduced  to  p r o d n c e  h igher  
levels of  a-glucoMdase.  T h e r e  are at  least  two  e x p l a n a t i o n s  for  these  iden t i ca l  phe-  
n o t y p e s  of  t he  5 M genes:  these  genes  r ep resen t  a mu l t ip l i c i t y  o f  e i t h e r  regula*.,~rv 
or  s t r t t c t u r J  gen~-~. I n e i the r  case a single gene  would  be sufficient to  al low a-glucosidase  
s3"nthesig and  mal tose  f e rmen ta t i on .  In  r ecen t  yea r s  tw o  t y p e s  ot  r e g u l a t o r y  genes  h a v e  
been dt' .~'ribed ts: an o p e r a t o r  gene,  which con t ro l s  the  func t ion  o f  an  ad  i acen t  g ro u p  o f  
genes (operon) on the  .~-~me c h r o m o s o m e  a n u  a r e g u l a t o r y  gene which  func t ions  e i t h e r  
b y  cont ro l l ing  i n d u c e r  p e r m e a b i l i t y  or  b y  t he  p r o d u c t i o n  o f  repressors  or  inducers .  
Since if  t he  5 M gene~ were  o p e r a t o r  genes  one  would  h a v e  to  p o s tu l a t e  5 u n l i n k e d  s t ruc-  
tu ra l  genes,  th is  poss ibi l i ty  is ana logous  to  t h e  a . ~ u m p t i o n  t h a t  5 s t r u c t u r a l  gene-~ 
exist .  On the  o t h e r  hand ,  the  assu-yiption t h a t  the~e gene.~ r ep re sen t  r e g u l a t o r y  genes  
deserves  serious cons idera t ion .  The  fact  t h a t  in t h e  de t a in : ro t  s t a t e  the  s y s t e m  is in- 
ducible  suggests  t h a t  an  m d u c e r - r e v e r m d  reprt :ssor  m a y  well exis t  t*. Th is  i~ f u r t h e r  
s u p p o r t e d  by  ttle obse rva t i on  t h a t  in h e t e r o z y g o u s  d ip lo ids  indtxcibi l i ty  is d o m i n a n t .  

R e g u l a t o r y  ;rod s t r u c t u r a l  genes  differ  in a n u m b e r  o f  r ~ p e c t s .  Th e  f o r m e r  
leads to  q u a n t i t a t i v e  changes  in enz3rme,  whereas  the  l a t t e r  m a y  g ive  rise to  qual i -  
t a t i v e  differences.  In  the  case of  the  M genes,  the  ava i lab le  ev idence  which  s u p p u r t s  
t he  l a t t e r  hypo the s i s  can  be s u m m a r i z e d  a.s follows. In yea_~t recess ive  for  t h e  M 
genes  t he r e  is no  de t ec t ab l e  o-glucosida.~, a c t i v i t y  in spi te  o f  the  fac t  t h a t  t h e  m e t h o d s  
e m p l o y e d  shottld h a v e  d e t e c t e d  a few e n z y m e  molecu les  per  cell. In n o n - i n d u c e d  
s t ra ins  c a r r y i n g  one or more  d o m i n a n t  M genes,  app rec i ab le  levels o f  e n z y m e  can  
be reatli ly de tec ted .  I f  t he  ~i genes were r e g u l a t o r y  r a t h e r  t h a n  s t r u c t u r a l  genes  
t h e y  m n s t  lead to  an all or  none  response  o f  a s t r u c t u r a l  gene  to  p roduce  low levels  
of  enz yme .  In add i t i on  the induc ib i l i ty  of  t he  s y s t e m  would  requ i re  t h e  p o s tu l a t i o n  
of  ye t  add i t iona l  regulatory_ genes.  In all con t ro l  systen~s carefif l lv e x a m i n e d  t i tus 
far  induc t ion  or depress ion  leads to  a q u a n t i t a t i v e  increase  in e n z y m e  s y n t h ~ e s  
whereas  m u t a t i o n s  or dele t ions  in s t r u c t u r a l  genes  (or linkcxi oper l t to r  genes) can  
q u a l i t a t i v e l y  con t ro l  the  p resence  or  absence  o f  the  enzyme .  T h e  conchLsion t h a t  
these  genes are  p r o b a b l y  s t r u c t u r a l  genes  is s u p p o r t e d  b y  gene-dosage  e x p e r i m e n t s  t4. 
In diploids  h o m o z y g o u s  and  he t e rozygou~  for  t h e  va r ious  M genes,  t he  i n d u c e d  
level o f  a-glucosida~e i n c r e ~  a r i t h m e t i c a l l y  wi th  ad d i t i o n a l  dosage  o f  the  M genes. 
Such p r opo r t i ona l i t y ,  while  p r e d i c t e d  for  the  b e h a v i o r  o f  s t r u c t u r a l  genes,  are  
",fifficult to  reconci le  w i th  r e g u l a t o t y  genes.  

The  ex i s tence  o f  a m u l t i p l i c i t y  o f  iden t ica l  genes  in a single o rgan i sm is a u n i q n e  
s i tua t ion .  T h e  p h e n o m e n o n  in yeas t  m a y  n o t  be r e s t r i c t ed  to  the  a-gluco~cidases. 
Mul t ip le  gene con t ro l  o f  sugar  f e r m e n t a t i o n  has  been  olx~erved ms well for the  fer- 
m e n t a t i o n  o f  o-methyl -g lucos ideS,  t"t. raffmo.~e a n d  sucro.se ~ a n d  m a y  he a c o m m o n  
s i t ua t i on  in yeas t .  In  these  cases, however ,  the  r e spec t ive  e n z y m e s  h av e  no t  been  
i~ , l a t ed  a n d  c o m p a r e d .  Since  yeas t s  are  p r im a r i l y  fe rmente r~  of  sugars  a n d  disac-  
char ides ,  one  can  r ead i l y  imagine  the  se lec t ive  a d v a n t a g e  o f  the a c c u m u l a t i o n  o f  
addition~tl genes  i n v o l v e d  in the  p r o d u c t i o n  o f  c a r b o h y d r a ~ s .  In  fac t ,  RODE]tT AND 
HALVORSON 14 h a v e  deznons t r a t ed  a s t r i c t ly  ad d i t i v e  increa.~e in a -g lucos idase  levels 
wi th  increased  do-ages  o f  M genes.  
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